We report measurements of ablation rates of the bottom 7 of two supraglacial lakes and of temperatures at different 8 depths collected during the summers of 2010 and 2011 in 9 west Greenland. To our knowledge, this is the first time 10 that such data sets are reported and discussed in the 11 literature. The measured ablation rates at the bottom of the 12 two lakes are of the order of $6 cm/day, versus a rate of 13 $2.5-3 cm/day in the case of bare ice of surrounding areas. 14 Though our measurements suggest the presence of a 15 vertical temperature gradient, it is not possible to draw final 16 conclusions as the measured gradient is smaller than the 17 accuracy of our temperature sensors. In-situ measurements 18 are compared with the results of a thermodynamic model 19 forced with the outputs of a regional climate model. In 20 general, the model is able to satisfactorily reproduce the 21 measured quantities with RMSE of the order of 3-4 cm for 22 the ablation and $1.5°C in the case of water temperature. 23 Our results confirm that the ablation at the bottom of 24 supraglacial lakes plays an important role on the overall 25 lake volume with the ablation in the case of ice covered by 26 a lake being 110-135% of that over bare ice at nearby 27 locations. Beside ice sheet hydrological implications, 28 melting at the bottom of a supraglacial lake might affect 29 estimates of lake volume from spaceborne visible and near-30 infrared measurements. Citation: Tedesco, M., M. Lüthje, 31 K. Steffen, N. Steiner, X. Fettweis, I. Willis, N. Bayou, and 32 A. Banwell (2012), Measurement and modeling of ablation of the 33 bottom of supraglacial lakes in western Greenland, Geophys. Res. 34 Lett., 39, LXXXXX, doi:10.1029/2011GL049882. 35 1. Introduction and Background 36 [2] Supraglacial lakes form annually in topographic 37 depressions of the surface of the Greenland ice sheet (GrIS) 38 [e.g., Selmes et al., 2011], affecting ice loss through 39 increased surface ablation and, during drainage, affecting 40 basal water pressures and ice velocities [e.g., Lüthje et al., 41 2006; Das et al., 2008; Pimentel et al., 2010; Sundal et al., 42 2011] Over the past years, several studies have estimated 43 the area and volume of supraglacial lakes from spaceborne 44 observations [e.g., Sneed and Hamilton, 2007; Box and Ski, 45 2007; McMillan et al., 2007] and some have been able to 46 validate these estimates from ground based measurements 47 [Tedesco and Steiner, 2011; Sneed and Hamilton, 2011]. 48 [3] Very little is known about the contribution of the 49 melting of the bottom of supraglacial lakes to their total 50 volume, with this aspect being generally neglected in studies 51 dealing with volume estimates. This is possibly due to the 52 absence of in-situ observations, which can be used to 53 understand the physical processes involved or to validate 54 theoretical models. To fill this gap, here we report mea-55 surements of ablation rates of the bottom of two supraglacial 56 lakes collected during the summers of 2010 and 2011 in 57 West Greenland. Temperature values were also collected at 58 different depths within the lakes to study the vertical distri-59 bution of water temperature (being this an important factor 60 for understanding, modeling and quantifying convection rate 61 at lake bottom). To our knowledge, this is the first time that 62 such data sets are reported and discussed in the literature.
. Lake depth measured by the top (gray continuous lines) and bottom (black continuous lines) sensors at (a) Lake Bluesnow and (b) Lake Ponting and their difference (dashed black line). 176 figure, the difference between the depths measured by the 177 bottom and top sensors is also plotted. This difference is 178 interpreted as the ablation of the bottom of the lake (see 179 Figure S1 for an explanatory diagram) and it is compared to 180 the outputs of the thermodynamic model described in the 181 previous section. 182 [10] Figure 2 shows the comparison between measured 183 and simulated ABLR (Figures 2a and 2c ) and water tem-184 peratures (Figures 2b and 2d Figures 2b and 2d , continuous black lines refer to the tem-188 perature measured by the top sensor where the dashed black 189 lines indicate the temperature measured by the bottom sen-190 sor. As mentioned above, the top sensors were located 191 respectively 2 m (Lake Bluesnow) and 0.7 m (Lake Ponting) 192 above the ice surface when they were deployed. Therefore, 193 in our simulations we assume these values to be the initial 194 water level in the lake to compare modeled and measured 195 ablation rates (gray lines with disks). For reader's conve-196 nience, we also show in Figure 2 the simulated ablation in 197 the case of bare ice (gray lines with squares). We point out 198 that the values for the initial water level used in our simu-199 lations might not account for the ablation occurring during 200 the period when the bottom sensor was underwater but the 201 top sensor was not (on the order of 1-2 days). 202 [11] In-situ measurements show that the total measured 203 ablation for the bottom of Lake Bluesnow (Ponting) for 232 hypothesis with the data at our disposal and more measure-233 ments could help understanding this issue. 234 [13] When comparing modeled and measured quantities, 235 for Lake Bluesnow we obtain a rate of 5.4 cm/day when 236 considering an initial water level of 2 m (versus a measured 237 value of 6.2 cm/day) and an RMSE between the measured 238 and simulated ablation values of 4.7 cm. For Lake Ponting 239 we obtain a modeled ablation rate of 5.74 cm/day with an 240 initial water level of 0.7 m (versus a measured value of 241 6.8 cm/day) and an RMSE of 3.2 cm. In contrast to Lake 242 Bluesnow, the model outputs for Lake Ponting are more 243 sensitive to the different considered initial water levels. This 244 is because the values of the initial water level for Lake 245 Ponting are smaller than those we use in the case of Lake 246 Bluesnow. For both lakes, discrepancies between modeled 247 and measured ABLR might be due to intrinsic limitations of 248 the model (e.g., knowledge of physical processes and their 249 implementation) and to the uncertainty associated with the 250 atmospheric forcing generated with the MAR model. We 251 will evaluate the sensitivity of the thermodynamic model to 252 the input parameters by perturbating the MAR outputs 253 within a range that will be decided based on the relative error 254 between measured and simulated quantities. Factors extrin-255 sic to the model can also be responsible of the differences 256 between the measured and simulated values. For example, 257 the presence of patchy snow and/or of cryoconite at the 258 bottom of the lake (observed during fieldwork activities) 259 affects the albedo of the bottom of the lake. This aspect is 260 not accounted for in our model but it will, however, affect 261 the measured ABLR. 262 [14] Temperature values simulated by the model for Lake 263 Bluesnow are consistent with observed values for the first 264 two days of the observational period. For the remaining 265 three days the model generally tends to overestimate the 266 water temperature and the RMSE for the whole period 267 between measured and simulated top (bottom) temperatures 268 (considering an initial water level of 2 m) is 1.64°C 269 (1.59°C). Conversely, the model tends to overestimate the 270 measured water temperature at the beginning of the 271 observation period in the case of the Lake Ponting, to 272 perform better over the last three days, with an overall 273 RMSE of 1.23°C (1.18°C) in the case of the temperature 274 measured by the top (bottom) sensor. One possible 275 explanation of the differences between the simulated and 276 measured temperatures is that the model treats the lake as 277 a closed system that heats up, excluding the influx of melt 278 water from the surrounding areas which would eventually 279 tend to cool the water within the lakes. We reported in-situ measurements of the ablation rate 282 at the bottom of two supraglacial lakes on the GrIS, together 283 with water temperatures measured at two different depths 284 within the lakes. In agreement with results obtained from 285 previous studies using modeling tools, our measurements 286 indicate that the ablation rate at the bottom of a supraglacial 287 lake is about two times that of an equivalent nearby bare ice 288 surface. To our knowledge, this is the first time that this is 289 proved through observations, confirming the importance of 290 such lakes for ice sheet surface ablation and hydrological 291 processes. The measured daily ablation rate at the bottom of 292 the two lakes was of the order of $6 cm/day, versus a rate of 293 $2.5-3 cm/day in the case of bare ice. Measured ablation 294 rates at the bottom of the two lakes were compared with 295 those obtained from a physical model forced with the out-296 puts of a regional atmospheric model coupled with a snow 297 physical model. In general, the model was able to satisfac-298 torily reproduce the measured ablation rates, with RMSE 299 values of 4.7 and 3.2 cm, respectively.
300
[16] We also reported measurements concerning the ver-301 tical profile of water temperature. Observed differences 302 between the temperatures measured at different depths were 303 smaller than the accuracy of the temperature sensors, hence 304 making it impossible to draw any conclusion. The model 305 was generally capable of reproducing the water temperature 306 (assumed to be uniform in the model), though overestima-
